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Motivation
The Standard Model

Can this be right?



Language
Are we speaking the wrong language?



CDF



Dataset



Physics Program

W Z !W !Z WW tt WZ ZZ WW"H

C
ro

s
s
-S

e
c
ti
o

n
 [

p
b

]

-1
10

1

10

2
10

3
10

4
10

 = 1.96 TeVs at pTevatron Run II p

=160HM

CDF Preliminary

CDF Published

D0 Preliminary
D0 Published

Theory



Electroweak studies



Z+jets

  
[f

b
/(

G
e

V
/c

)]
  

je
t

T
/d

p
!

d

-110

1

10

210

310
CDF Run II Preliminary

1 jet inclusive ") + -!
+
! #*($Z/

 2.1%| 
jet

 30 GeV/c, |Y" 
jet

Tp

-1 CDF Data  L =  2.37 fb

 Sytematic uncertainties

 NLO MCFM CTEQ6.1M

 Corrected to hadron level

=1.3
sep

(Z), R
2

T + p
2
Z = M

2

0
! 

/2
0
! = ! ; 

0
! = 2! 

 PDF uncertainties

  [GeV/c]   jet
Tp

30 100 200

D
a

ta
 /

 T
h

e
o

ry
  

 

0.6

0.8

1

1.2

1.4

Looking in depth
at all of our
standard candles



top rapidity

Some intriguing
things have been 
revealed



B physics



Dibosons
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WW->llvv



Dibosons

WW/WZ->lv jj



Dibosons

WW/WZ->lv jj

What’s that?



Searches



High mass resonances

Z’ to di-muons



High mass dimuon res.

]2 [GeV/c!!M
200 400 600 800 1000 1200

E
v
en

ts

-210

-110

1

10

210

3
10

410

5
10

Data

*
!Z/

tt

WW

Fakes

Cosmics

-1
CDF Run II Preliminary 4.6 fb

]2 [GeV/cµµM
200 400 600 800 1000 1200

(O
b
s’

d
 -

 E
x
p
’d

 )
/ 

E
x
p
’d

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

-1
CDF Run II Preliminary 4.6 fb



Z’ to muons
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Z’ to muons
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Best Fit Point:
2

=199 GeV/cZ’M

signal frac=1.3%

p-value=0.16



Z’ to muons
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Mll = 882 GeV
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Diphoton resonances
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Diphoton resonances

)2Graviton Mass (GeV/c
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4th generation

 [GeV]d4-mu4m
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PDG says it’s 
ruled out to 6σ....

..that’s true if the 
masses are degenerate



t’
Selection
1 lepton

pt>20 GeV
4 jets 
  pt>20 GeV

Missing transverse energy 
   >20 GeV

Sample
4.6/fb

24
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Fit mass of each event

Room on tail for signal events
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t’

Limit
mt’ > 335 GeV

Plans
WbWb→lνb qqb mode
WqWq→lνq lνq   mode

26



b’
Selection
2 like-signed leptons 

pt>20 GeV
at least one isolated

2 jets 
  pt>20 GeV
   >=1 btags
Missing transverse energy 
   >20 GeV

Sample
2.7/fb



b’
Final selection
2 like-signed leptons 
2 jets    >=1 btags

Missing transverse energy 



b’
Muon

Electronb-Tagged Jet

Selected Muon

Selected Electron

Softer Muon

Jet
Electron
Muon



Direct searches

mb’ > 338 GeV mt’ > 335 GeV



Direct searches

mb’ > 338 GeV
If BR(b’ →Wt)=100% 

mt’ > 335 GeV
If BR(t’ →Wq)=100% 



b’ and t’

If mt’ > mb’

u     c      t        t’
d     s      b       b’



b’ and t’
Flacco, DW, Bar-Shalom & Tait
arvix: 1005.1077 



b’ and t’
CDF limits

Flacco, DW, Bar-Shalom & Tait
arvix: 1005.1077 



b’ and t’

No direct limits!
Flacco, DW, Bar-Shalom & Tait
arvix: 1005.1077 



t’ and b’
b’ only
mb’ > 335 GeV

b’+t’
mb’ > 335-370 GeV
mt’ >  360 GeV

Flacco, DW, Bar-Shalom & Tait
arvix: 1005.1077 



t’ and b’

mt’ = mb’ + 100 mt’ = mb’ + 50

Flacco, DW, Bar-Shalom & Tait
arvix: 1005.1077 



b’ heavier than t’?

l+4jets t’→4j search 
provides strong limits on 
t’ mass, imply strong 
limits on b’ if mb’ > mt’ , 
stronger than limits from 
WWb data.

 Wq)!BR(b’

0 0.5 1

]
2

 [
G

eV
/c

t’
L

im
it

 o
n
 m

335

340

345

350

355

/2
W

+M
t’

 = m
b’

m

W
+M

t’
 = m

b’
m

Flacco, DW, Bar-Shalom & Tait
arvix: 1005.1077 



heavy quarks

mQ’ > 290 GeV

In progress: map to CKM space, apply constraints from other measurements

Flacco, DW, Bar-Shalom & Tait
arvix: 1005.1077 



4th gen
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Heavy quarks would 
enhance gg→H.

Tevatron Higgs 
searches are very
sensitive.

New result rules out 
SM higgs in SM4 
between 
130 and 200 GeV.



gg+MET
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gg+MET
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jj+MET
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jj+MET
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lljj



lljj event

Mlljj=868 GeV



lnjj

WW Invariant Mass (GeV)
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Conclusions

Much more coming!
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